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Abstract 1 Contemporary theories assume that semantic cognition emerges from a neural 2 architecture in which different component processes are combined to produce 3 aspects of conceptual thought and behaviour. In addition to the state-level, 4 momentary variation in brain connectivity, individuals may also differ in their 5 propensity to generate particular configurations of such components, and these 6 trait-level differences may relate to individual differences in semantic cognition. 7
We tested this view by exploring how variation in intrinsic brain functional 8 connectivity between semantic nodes in fMRI was related to performance on a 9 battery of semantic tasks in 154 healthy participants. Through simultaneous 10 decomposition of brain functional connectivity and semantic task performance, 11
we identified distinct components of semantic cognition at rest. In a subsequent 12 validation step, these data-driven components demonstrated explanatory power 13 for neural responses in an fMRI-based semantic localiser task and variation in 14 self-generated thoughts during the resting-state scan. Our findings showed that 15 good performance on harder semantic tasks was associated with relative 16 segregation at rest between frontal brain regions implicated in controlled 17 semantic retrieval and the default mode network. Poor performance on easier 18 tasks was linked to greater coupling between the same frontal regions and the 19 anterior temporal lobe; a pattern associated with deliberate, verbal thematic 20 thoughts at rest. We also identified components that related to qualities of 21 semantic cognition: relatively good performance on pictorial semantic tasks was 22 associated with greater separation of angular gyrus from frontal control sites 23 and greater integration with posterior cingulate and anterior temporal cortex. In 24 contrast, good speech production was linked to the separation of angular gyrus, 25 posterior cingulate and temporal lobe regions. Together these data show that 26 quantitative and qualitative variation in semantic cognition across individuals 27 emerges from variations in the interaction of nodes within distinct functional 28 brain networks. 29 30 1. Introduction 31 32 Semantic cognition allows us to understand the meaning of words, objects, 33 places and people, and guides our thoughts and actions in a manner that suits 34 the circumstances (Jefferies, 2013; Lambon Ralph et al., 2016; Patterson et al., 35 2007 ). In addition, this type of cognition also plays a critical role in thoughts that 36 are unconnected from the here and now, such as when we daydream about a 37 future achievement or remember a past event (Binder et al., 2009; Smallwood et 38 al., 2016) . Contemporary accounts suggest that semantic cognition emerges from 39 the interactions of multiple components, supported by distinct brain networks 40 involve the interaction of semantic representations and control processes that 50 tailor retrieval to suit the behavioural circumstances (Jefferies, 2013 ; Lambon 51 . Evidence suggests that the semantic representations in long-52 term memory draw on modality-specific brain regions (supporting visual and 53 verbal features, such as our knowledge that zebras have black and white stripes, 54
and linguistic associations, such as "zebra crossing" (Buccino et al., 2016; 55 Fernandino et al., 2016)), as well as heteromodal areas, including the anterior 56 temporal lobe (Lambon Patterson et al., 2007) . Anterior 57 temporal cortex is argued to provide a graded "hub" supporting the convergence 58 of diverse unimodal semantic features. This permits the extraction of deep 59 conceptual similarity incorporating both verbal and non-verbal knowledge. In 60 addition, since we all know a diverse range of features and associations to any 61 given concept, conceptual retrieval must be constrained in accordance with goals 62 and environmental conditions (Badre et al., 2005 ; Jefferies and Lambon Ralph, 63 2006; Thompson-Schill et al., 1997) . Hence, semantic control processes may play 64 a vital role in focusing retrieval on currently relevant aspects of knowledge and 65 supressing strongly encoded but currently irrelevant information. This aspect of 66 semantic cognition is thought to be supported by a distinct set of brain regions 67 including domain-general executive areas (e.g. dorsal/posterior inferior frontal 68 gyrus, pre-supplementary motor area) and areas more specifically implicated in 69 semantic control (e.g. ventral/anterior inferior frontal gyrus, posterior middle 70 temporal gyrus (Davey et al., 2016; Noonan et al., 2013) ). Recent studies have also shown that although these brain regions act in concert 86 to support semantic cognition (i.e., they co-activate during task fMRI), they form 87 distinct large-scale brain networks at rest ( (Davey et al., 2016) . Together these studies suggest that 97 semantic cognition is an emergent property of variable interactions between not 98 only particular brain regions, but also distributed large-scale brain networks, 99 present at rest and in cognitive tasks (Cole et al., 2014) . 100 101 Although this assumption is broadly accepted, it remains unclear how individual 102 differences in the strength of specific connections within and between these 103 networks might relate to trait-level differences in semantic abilities. For 104 example, the strength of particular network interactions might give rise to global 105 differences in the efficiency of semantic retrieval across tasks, linked to the 106 tendency to stay on task. Studies have associated both task-based semantic 107 behaviour and off-task mind-wandering to overlapping brain regions involved in 108 semantic processing that are allied to the DMN (Binder et al., 2009; Smallwood et 109 al., 2016) . The strength of intrinsic connectivity between these default mode 110 regions and areas linked to task engagement might therefore determine whether 111 individuals are generally willing or able to focus semantic retrieval on an 112 externally-imposed goal, as opposed to conceptual associations that might have 113 greater personal relevance. In addition, since research has revealed network 114 differences that relate to the modality of information being retrieved (i.e., words 115 vs. pictures) and the extent to which semantic control processes are required to 116 shape retrieval to suit the task, we might expect individual differences in 117 patterns of intrinsic network connectivity to relate to relative strengths and 118 weaknesses in these varieties of semantic cognition across participants. 119 120 To assess these hypotheses, we recorded task-based and resting state functional 121 magnetic resonance imaging (fMRI) data in a large cohort of participants, who 122 also described their thoughts while at rest inside the scanner. On a subsequent 123 day, these participants performed a battery of semantic tasks, including 124 relatedness, identity and feature judgements, picture naming and verbal fluency. 125
The tasks used different types of stimuli including words and pictures, 126 manipulated the requirement for controlled retrieval using strong and weak 127 associations (Badre et al., 2005; Davey et al., 2016) , and assessed both 128 comprehension and production, allowing us to characterise diverse aspects of 129 semantic cognition. We used advanced multivariate statistics (Smith et al., 2015; 130 Tsvetanov et al., 2016) to simultaneously decompose individual variation in 131 brain data (resting state connectivity) and behaviour (measured outside the 132 scanner) to identify the neurocognitive components of semantic cognition. We 133 confirmed the validity of these components by examining their association with 134 independent measures: the neural response to meaningful over meaningless 135 information in task-based fMRI and subjective descriptions of self-generated 136 thoughts during the resting-state scan (Gorgolewski et al., 2014) . This allowed us 137 to specify neurocognitive components that relate to the (i) average performance 138 
Behavioural Assessment 164
Following the imaging protocol, participants took part in a comprehensive set of 165 behavioural assessments that captured different aspects of semantic cognition. 166
The tasks were completed over three 2-hour long sessions on different days, 167 with the order of the sessions counterbalanced across participants. Full details 168 about the semantic tasks are provided in the supplementary materials (Table S1-169 5). In total, there were 12 tasks that examined semantic cognition: 170  Two 3-alternative forced choice (3AFC) tasks required participants to 171 identify pictures at two levels of specificity. Superordinate word-picture 172 matching required participants to link a picture of a Dalmatian with the 173 word "animal" (as opposed to distractors such as "vehicle; clothes"). 174
Specific-level matching, however, involved the same probe image and 175 specific-level names (e.g., target word "Dalmatian" with distractors 176 "Labrador; Corgi"). Previous research has shown that ventral and medial 177 aspects of anterior temporal lobe show a stronger response to specific 178 concepts (Rogers et al., 2006) , while greater integration of visual 179 information in this condition allows similar concepts to be successfully 180 distinguished (Clarke et al., 2013) . In addition, inhibitory transcranial 181 magnetic stimulation (TMS) to angular gyrus has been shown to disrupt 182 the retrieval of specific conceptual information using this task (Davey et 183 al., 2015) . images was employed as a control task. It had similar decision-making 217 and response requirements as the semantic tasks described above. 218  Picture naming task required participants to say aloud the most specific 219 name possible for a set of common objects. 220  Three verbal fluency tasks required participants to list as many items as 221 possible within one minute. There were four general categories (e.g. 222 animals, fruit, vehicles, tools), two specific categories (e.g. types of birds 223 and types of boat) and three letters (e.g. F,A,S). 224 225
Neuroimaging Data Acquisition 226
The scanning session was carried out at the York Neuroimaging Centre, York 227 with a 3T GE HDx Excite Magnetic Resonance Imaging (MRI) scanner using an 228 eight-channel phased array head coil. Following a T1-weighted structural scan 229 with 3D fast spoiled gradient echo (TR = 7.8 s, TE = minimum full, flip angle= 20°, 230 matrix size = 256 x 256, 176 slices, voxel size = 1.13 x 1.13 x 1 mm) and a FLAIR 231 sequence, a nine-minute resting state fMRI scan was carried out using single-232 shot 2D gradient-echo-planar imaging (TR = 3 s, TE = minimum full, flip angle = 233 90°, matrix size = 64 x 64, 60 slices, voxel size = 3 x 3 x 3 mm3, 180 volumes). 234
During resting state scanning, the participants were asked to focus on a fixation 235 cross and not to think of anything in particular. 236
237
Using the same scanning parameters as for the resting state scans, we also 238 acquired a semantic localiser task in which the participants were asked to 239 passively view meaningful (e.g., her + secrets + were + written + in + her + diary) 240 and meaningless sequences of non-words (e.g. crark + dof + toin + mesk + int + 241 lisal + glod + flid). A total of 10 sentences with meaningful content, based on 242 Rodd et al. (2005) , and 10 meaningless sentences with nonsensical content, 243 matched in word length and number of syllables, were presented in two blocks 244 of five (i.e., a total of 4-blocks), in a pseudo-random order. While transition 245 between blocks was denoted by a task instruction (e.g., Meaningful), a red 246 fixation marked the end of each sentence, with a jittered duration of 4000-247 6000ms. Each sentence was presented one word at a time (600 ms) to ensure 248 that the speed of reading was matched across meaningful and non-meaningful 
ROI Definitions and Functional Connectivity Matrix Construction 269
In order to objectively identify a set of semantic regions of interest (ROIs) that 270 formed the brain functional connectivity matrices, we selected spatial maps from 271 the literature that covered large-scale brain networks previously implicated in 272 semantic cognition ( Fig. 1A) . We started with a meta-analytic map of "semantic" 273 processing derived from Neurosynth, and identified regions on this map that fell 274 within two distinct networks: the default mode network (DMN -associated with 275 relatively easy semantic judgements and the presentation of strongly coherent 276 conceptual combinations ( our aim was to describe the patterns of brain and behaviour relationships (i.e. 363 varieties of semantic cognition) that were identified from the CCA analysis, 364 utilising separate datasets. For that purpose, we employed the semantic localiser 365 task performed inside the scanner, as well as self-report measures of mind-366 wandering at the end of the resting state scan. 367 368 For assessing differential BOLD activity in the semantic localiser task, we first 369 examined the contrast of meaningful > meaningless task blocks, and the reverse 370 effect, and confirmed that the task activated brain regions that are expected to be 371 involved in semantic processing ( Fig. 2A) . Subsequently, the participant-specific 372 component expression (i.e. brain and behaviour component loadings from the 373 CCA for each participant) were carried forward as covariates to the higher-level 374 activation analysis, collectively forming a group-wise general linear model. We 375 searched for shared associations between both the brain and the behaviour 376 (Table S6 ). Subsequently, the ratings for each 413 participant were reduced to three factors using principal component analysis 414 (PCA) in SPSS (Version 23), which broadly corresponded to realistic and 415 important mental time-travel, intrusive thought, and verbal thematic thought. 416
The component loadings were rotated using the Varimax method and the 417 resulting factors were visualised on a heat map (Fig. 2B ). Using linear 418 regressions at p = 0.05 level of significance, these mind-wandering components 419 were related to the average brain and behaviour component loadings obtained 420 from the CCA analysis. 421 422
Results

423
The main objective of this study was to identify neurocognitive components of 424 brain and behaviour relationships that described individual differences in 425 semantic cognition. For that purpose, we first fed in to CCA the standardized 426 (unit variance scaled and mean-centred) functional connectivity values between 427 semantic regions at rest and standardized performance values in a battery of 428 semantic tasks. The identified components were then validated through linear 429 regressions in separate datasets, originating from the participants' performance 430 of a semantic localiser fMRI task inside the scanner and their mind-wandering 431 tendencies captured at the end of the resting state scan. Such a multi-variate, 432 multi-dataset approach enabled us to objectively assess the relationship between 433 individual differences in brain connectivity and behaviour, in line with the 434 component process view of semantic cognition. 435 436 First, Table 1 outlines the mean performance of the participants across all the 437 behavioural tasks used in the semantic battery. In order to ensure that the 438 manipulations of semantic strength, semantic category and modality of 439 presentation produced the expected results previously reported in the literature, 440
we compared the mean efficiency score (reaction time weighted by accuracy) for 441 the relatedness and identity-matching tasks with repeated measures paired t-442 tests. On average, participants were faster in responding to pictures than words 443 (t(153) = 16.282, p < 0.001), to specific (e.g. Dalmatian) than general (e.g. 444 animal) terms (t(153) = 3.072, p = 0.003), and to strong than weak associations 445 (t(153) = 24.675, p < 0.001). 446 447 Using CCA, of the six neurocognitive components identified, four predicted either 448 the neural activation recorded during the presentation of meaningful versus 449 meaningless sentences in task-based fMRI, or the spontaneous thoughts 450 reported at the end of the resting-state scan. Our findings broadly support the 451 component process hypothesis, by showing that varieties of semantic cognition 452 can be related to different strengths of coupling between brain regions at rest. 453
However, the analysis does not permit us to determine the potential number of 454 separable components. Thus, in this report we focus on the four components for 455 which construct validity was demonstrated through a relationship with other 456 measures relevant to semantic cognition. The canonical correlations and the 457 squared canonical correlated for these four components were 0.25 (p = 0.002), 458 0.20 (p = 0.012), 0.08 (p = 0.322), 0.19 (p = 0.016) and 0.06, 0.04, 0.01, 0.04, 459 respectively. The remaining two components are presented in the 460 supplementary materials (Fig. S1) . 461 462 
490
The first two brain and behaviour patterns identified using CCA described 491 general differences in semantic performance measured outside the scanner. 492 Component I was characterized by patterns of reduced connectivity at rest for 493 angular gyrus, posterior cingulate and anterior temporal lobe (i.e. default mode 494 regions) with frontal areas that are linked to executive control (i.e. inferior 495 frontal gyrus and pre-supplementary area) (Fig. 3A) . Participants who strongly 496 showed this pattern of reduced connectivity at rest showed better performance 497 on a range of semantic tasks, particularly harder comprehension tasks thought to 498 depend on semantic control (e.g. matching items based on specific features and 499 ignoring global associations; identifying weak semantic associations). They also 500 showed a stronger response in task-based fMRI for the meaningful > meaningless 501 contrast within regions of the cingulate cortex and the pre-supplementary motor 502 area (Fig. 3B ). Thus, they showed separation at rest of one region (pre-503 supplementary motor area) that was recruited more strongly by semantic 504
processing. There was no significant association between this CCA and any 505 pattern of thoughts reported at rest. 506 507 Component II reflected a pattern of stronger coupling of the anterior temporal 508 lobe with the left inferior frontal gyrus and the pre-supplementary motor area at 509 rest (Fig. 3C ). In terms of behaviour, this component was characterised by poor 510 performance on tasks that are generally easy to perform, such as relatedness 511 judgements for strongly associated words, and identity matching. This 512 component did not vary with neural recruitment in task-based fMRI; however, 513 regression of the average brain and behaviour component loadings against the 514 thoughts reported at rest revealed an association with spontaneous cognition 515 that was characterised as verbal, thematic and deliberate (R = 0.213, p = 0.008) 516 ( Fig. 3D) . Overall, Components I and II reflected a common pattern: when 517 regions implicated in cognitive control (inferior frontal gyrus and pre-518 supplementary motor area) were segregated from anterior temporal lobe and 519 angular gyrus at rest, participants showed better performance on a range of 520 tasks measuring semantic cognition. 
528
This neurocognitive pattern was linked to greater activity in the pre-supplementary motor area when 529 participants viewed meaningful over meaningless sentences. C) Component IV on the other hand, reflected 530 reduced connectivity between the DMN regions, which were associated with poor performance on the 531 picture association, but good performance on the picture naming tasks. D) This pattern was linked to 532 greater activity on the pre-supplementary motor area, bilateral medial occipital cortex and right insula.
533
In contrast, Components III and IV related to different qualities of semantic 534 cognition, in other words, the relative strengths and weaknesses between 535 semantic tasks. Component III reflected relatively good performance on picture 536 association tasks (e.g. knowing that a picture of a dog goes with a picture of a 537 bone) and identity-matching at the specific level (e.g. matching the picture of a 538 dog with the word Dalmatian), plus poorer performance on the feature-matching 539 task (i.e. a difficult verbal comprehension task). At rest, individuals who scored 540 highly on this component showed separation between the angular gyrus and 541 inferior frontal gyrus and pre-supplementary motor area, but at the same time, 542 they showed stronger coupling between the angular gyrus, posterior cingulate 543 and anterior temporal lobe (Fig. 4A) . Unlike Component I, this segregation of 544 inferior frontal gyrus and pre-supplementary motor area from angular gyrus did 545 not extend to other regions in the DMN, namely anterior temporal lobe and 546 posterior cingulate. There was, however, additional segregation of the angular 547 gyrus from more posterior parts of posterior middle temporal gyrus, which is 548 also implicated in semantic control. During the online presentation of semantic 549 information in task-based fMRI, this component was associated with increased 550 activation of a region in the pre-supplementary area (Fig. 4B ). However, it was 551 not associated with thoughts reported during the resting state scan. 552 553 Component IV described relatively good performance in two tasks involving 554 overt speech production, picture naming and letter fluency, combined with 555 relatively poor performance on semantic association tasks, particularly when 556 these were presented using pictures. At rest, this component was linked to 557 weaker coupling between nodes in the semantic system, chiefly reduced 558 correlation between the angular gyrus and anterior temporal lobe, posterior 559 cingulate cortex and posterior middle temporal gyrus (Fig. 4C ). During the online 560 presentation of semantic information in fMRI, this component was associated 561 with greater activation of the pre-supplementary motor area, inferior mid-562 cingulate cortex, bilateral medial occipital cortex and right insula (Fig. 4D) . It was 563 not associated with the reports of thoughts at rest. Thus, in both Components III 564 and IV, strong coupling between the anterior temporal lobe and angular gyrus at 565 rest related to better picture comprehension, while separation of these regions 566 was associated with better verbal semantic performance. In addition, 567
Components III and IV shared a pattern of decoupling between angular gyrus 568 and posterior middle temporal gyrus, and segregation of these regions at rest 569 may be crucial for the capacity to engage successfully in externally-presented 570 semantic tasks in the absence of strong separation between posterior cingulate 571 cortex and frontal executive regions at rest. 572 573 Notably, our analysis highlighted a region of pre-supplementary motor area and 574 dorsomedial prefrontal cortex, which showed greater activity during meaningful 575 information in task-based fMRI for participants who had higher scores on three 576 of the four components identified by CCA. To quantify this similarity, we 577 conducted a post-hoc analysis using a formal conjunction of the activation 578 patterns related to Components I, III and IV to reveal significant co-activation in 579 pre-supplementary motor area (Fig. 5A) . To understand the functional 580 connectivity of this region, we seeded it in an independent data set available on 581
Neurosynth, revealing a pattern of connectivity within lateral prefrontal and 582 parietal regions, aspects of posterior temporal cortex and the anterior insula 583 (Fig. 5B ). This pattern shares many features with the multi-demand network that 584 is implicated in performance on demanding tasks across cognitive domains (Fig  585   5C ). This interpretation was supported by a meta-analytic decoding of the 586 functional connectivity map using Neurosynth, which revealed that this pattern 587 of connectivity was often associated with terms related to cognitive engagement 588 such as "monitoring", "difficulty" and "strategy" (Fig. 5D ). Our study set out to understand the relationship between emergent patterns of 601 functional connectivity in nodes associated with semantic processing at rest and 602 the application of semantic cognition during tasks, measured outside the 603 scanner. We used a multivariate technique (CCA) to simultaneously decompose 604 variability in brain and behaviour, applying an L1-penality that improved the 605 interpretability of the neurocognitive components. The identified patterns of 606 brain connectivity at rest successfully predicted task-based activation during 607 sentence comprehension, or related to the spontaneous mental experiences of 608 the participants during the resting-state scan. These findings support the view 609 that individual differences in semantic cognition can be understood in terms of 610 the balance of diverse network interactions. The findings of our study are highly 611 coherent with component process accounts of semantic cognition (Lambon 612 , since variability in semantic performance could be related to 613 an interplay of different cognitive processes supported by distributed brain 614 regions (see also Xu et al. (2016) ). 615
616
Better performance on relatively difficult semantic tasks was associated with 617 greater segregation at rest between regions important for cognitive control and 618 regions in the DMN. An association between better cognitive performance and 619 enhanced segregation between usually anti-correlated functional networks has 620 been observed in prior studies of both executive control (Hampson et al., 2010; 621 Kelly et al., 2008) and language. For instance, Mollo et al. (2016) found that 622 better letter fluency performance was associated with reduced coupling between 623 dorsal inferior frontal gyrus and retrosplenial cortex in the DMN. Building on 624 these previous findings, our study suggests that the broad tendency to segregate 625 regions implicated in cognitive control from the anterior temporal lobe and 626 default mode regions at rest may relate, in general terms, to good performance 627 on a wide range of semantic tasks. 628
629
We also found patterns of functional coupling in the brain at rest that related to 630 each participant's relative strengths and weaknesses across the tasks in our 631 semantic battery. Specifically, Component III described a form of semantic 632 cognition in which picture association judgements and picture-word identity 633 matching for specific concepts were in opposition to verbal feature matching. The angular gyrus has also been described as an interface between multisensory 670 aspects of experience and memory (Bonnici et There are several limitations that should be borne in mind when considering 677 these results. First, though our ROIs were selected from a large-scale meta-678 analysis, there may be other regions of cortex that contribute to semantic 679 cognition. Specifically, brain regions in the right hemisphere were omitted in this 680 analysis. Although semantic processing is known to be strongly left-lateralised, 681 executive control regions on the right hemisphere have been previously shown 682 to contribute to tasks with high semantic control demands (Noonan et al., 2013) . 683
Moreover, right hemispheric brain regions has been implicated in metaphor 684 processing (Schmidt et al., 2007) and the retrieval of broad semantic connections 685 (Jung-Beeman et al., 2004) . However, such triaging procedure was necessary to 686 improve the interpretability of our results and to solve the limitations associated 687 with the CCA technique. Notably, exclusion of the right-hemisphere helped us 688 overcome the limitations on the number of seeds that could be entered into CCA, 689 depending on the available sample size. In addition, there may be important 690 aspects of semantic processing that we did not capture in our battery of tasks. As 691 a consequence, our data provide evidence for brain connectivity patterns that 692 relate to quantitative and qualitative varieties of semantic cognition, but we 693 cannot specify the exact number of the varieties of semantic cognition in full. 694
Furthermore, our implementation of CCA imposed orthogonality between the 695 latent components (Witten et al., 2009 ). In other words, the aspects of functional 696 connectivity and behavioural patterns that would be shared between the factors 697 of variation in the population are largely collapsed into the components by the 698 present analysis that focuses mainly on finding components that do correlate 699 with each other only to the least possible extent. Nevertheless, it should be noted 700 that although the optimization goal of CCA is to have components as 701 uncorrelated as possible, this procedure does not guarantee zero correlation. 702 This is because regularised CCA does not force strict orthogonality in order to 703 avoid overfitting (Melzer et al., 2003) . In summary, though similar 704 decomposition methods (such as PCA) has been successfully used as models in 705 psychological research, the existing caveats analogously also apply here to our 706 CCA components, which will require further investigation and optimisation. 707 708 Moreover, our study examined individual differences in patterns of brain 709 connectivity solely at rest. However, it is possible that connectivity during task 710 states will also relate to differences in semantic cognition between individuals -711 and these network interactions are likely to differ in substantial ways from those 712 described here (Krieger-Redwood et al., 2016; Vatansever et al., 2015a, b). For 713 instance, we observed more activation of pre-supplementary motor area during 714 semantic processing in task-based fMRI both for participants who were generally 715 good at semantic tasks (and who strongly separated default mode and executive 716 areas at rest in general terms) and for participants who showed an uneven 717 profile of relatively better or worse performance on different tasks (and who 718 separated angular gyrus from a region linked to semantic control in posterior 719 middle temporal gyrus). Thus, some degree of functional separation at rest 720 between default mode and control regions may support the capacity to flexibly 721 reorganise cognition to engage with a task (Vatansever et al., 2016b) . The 722 recruitment of pre-supplementary motor area could reflect general task 723 engagement, consistent with the contribution of this region to the multiple-724 demand network (Duncan, 2010) . This prediction needs to be explored in future 725 studies by applying a similar decomposition approach to task-based fMRI data. 726
727
Our data also provides insight into the contribution of semantic processes to the 728 generation of unconstrained thoughts at rest (Binder et al., 2009; Binder et al., 729 2003; Smallwood et al., 2016) . A pattern of strong coupling of the anterior 730 temporal lobe and angular gyrus with inferior frontal gyrus and pre-731 supplementary area predicted reports of verbal, thematic and deliberate 732 thoughts at rest (Component II). This finding is consistent with the view that 733 self-generated thoughts rely on the same component processes as external tasks 734 and supports a role for control processes in the coordination of some aspects of 735 spontaneous thought (Bzdok et al., 2016b; Smallwood, 2013; Smallwood and 736 Schooler, 2015) . Participants who showed too much coupling between nodes of 737 the DMN and the executive system may have failed to engage with our external 738 tasks, consistent with studies showing that mind-wandering is linked to poor 739 task performance (Mooneyham and Schooler, 2013) . 
